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@ Scanning optical apparatus. 

® A scanning optical apparatus includes, a light 
source portion a deflector for deflecting a beann from 
the light source portion a first optical element for 
converting the beam from the light source portion 
into a nearly parallel beam a second optical element 
for focusing the nearly parallel beam into a linear 
image on a deflection/reflection facet of the deflector 
a third optical element for converging a beam de- 
flected by the deflector on a predetermined surface 
a detecting element for detecting the beam deflected 
by the deflector and a fourth optical element for 
guiding the beam deflected by the deflector to the 
detecting element, wherein the fourth optical element 
and the second optical element are integrally 
formed. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a scanning 
optical apparatus, and more particularly to a scan- 
ning optical apparatus suitably applicable, for ex- 
ample, to apparatus such as laser beann printers 
(LBP) or digital copiers including the electrophotog- 
raphic process in which an optically modulated 
beam (light beam) emitted from light source means 
is deflected and reflected by a deflecting device 
(optical deflector) consisting of a rotary polygon 
mirror etc. and thereafter a scanned surface is 
optically scanned therewith through an imaging de- 
vice {i$ lens) having the fd characteristics to record 
image information. 

Related Background Art 

In conventional scanning optical apparatus 
such as laser beam printers the light source means 
emits the optically modulated beam according to 
an image signal. Then the optically modulated 
beam is periodically deflected by the optical de- 
flector, for example, consisting of the rotary poly- 
gon mirror, thereafter the beam is converged in a 
spot shape on a surface of a photosensitive record- 
ing medium (photosensitive drum) by an imaging 
optical system having the f0 characteristics, and 
the surface is optically scanned with the beam to 
effect image recording. 

Fig. 1 is a schematic drawing to show major 
part of a conventional scanning optical apparatus. 

In the drawing a divergent beam emitted from 
the light source means 51 is converted into a 
nearly parallel beam by a collimator lens 52, a stop 
53 limits the beam (quantity of light), and the thus 
shaped beam is incident into a cylindrical lens 54 
having a predetermined refractive power only in a 
sub-scan direction normal to the plane of the draw- 
ing. Among the parallel beam incident into the 
cylindrical lens 54, the beam is emergent in a state 
of parallel beam as it is in a cross section along the 
main scan direction parallel to the plane of drawing. 
In contrast, the beam is converged in a cross 
section of sub scan to form a nearly linear image 
on a deflection/reflection facet 55a of the optical 
deflector 55 consisting of the rotary polygon mirror. 

Then the beam deflected and reflected by the 
deflection facet 55a of the optical deflector 55 is 
guided through an Imaging optical system {fe lens) 
56 onto a surface of photosensitive drum 58 as a 
scanned surface, and the surface of the photosen- 
sitive drum 58 is optically scanned with the beam 
in the main scan direction by rotating the optical 
deflector 55 in the direction of arrow A, thereby 
recording image information. 



In order to adjust a scan start position on the 
surface of photosensitive drum 58, prior to the 
optical scan on the surface of photosensitive drum 
58, part of the beam deflected and reflected by 

5 each deflection facet of the optical deflector 55 is 
let to pass a region before a region where the 
beam for scanning the surface of photosensitive 
drum 58 passes and then is reflected by a return 
mirror (BD mirror) 57 to be guided to a detection 

70 device (BD sensor) 59 for obtaining a scan start 
signal (or for obtaining a synchronizing signal of 
image writing start position). Then utilizing an out- 
put signal from the detection device 59 (detection 
signal of image writing start position (BD signal)), 

75 the scan start position of image recording onto the 
surface of photosensitive drum 58 is adjusted. 

In the conventional scanning optical apparatus 
the part of beam deflected and reflected by the 
optical deflector 55 is guided through the i$ lens 56 

20 to the BD sensor 59 in order to obtain the detection 
signal of Image writing start position, i.e. the so- 
called BD signal. 

The scanning optical apparatus of such a struc- 
ture necessitated that a distance from the iO lens 

25 56 to the BD sensor 59 was made equal to the 
focal length of the fe lens 56, so that the entire 
apparatus was likely to become large In size. 

In the case of the conventional scanning optical 
apparatus, the fixed BD mirror 57 is provided as a 

30 part of an optical system (synchronous detection 
system) for obtaining the scan start signal to the 
scanned surface 58, as shown in Fig. 1 , so that the 
BD mirror 57 properly bends an optical path of the 
beam (BD beam) for detection signal of image 

35 writing start position (synchronizing signal) passing 
through the fe lens 56, thereby permitting the entire 
apparatus to be formed In a compact shape. 

Such scanning optical apparatus, however, had 
problems: the adjustment of writing start position 

40 must be performed precisely because the image 
writing start position could deviate depending upon 
mounting accuracy of the BD mirror 57; an opti- 
cally effective region in the main scan direction, of 
the fe lens 56 was not allowed to be expanded 

45 because the BD beam was focused using the lens 
region (the region other than the region where the 
scanning beam passes) of a part of W lens 56, etc.. 
Thus, these problems made difficult compatibility 
of size reduction and cost reduction of the scan- 
so ning optical apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
55 a scanning optical apparats which can perform 
optical scanning with high accuracy while decreas- 
ing the size of the entire apparatus, by integrally 
forming an optical element (BD lens consisting of 
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an anamorphic lens) tor focusing a beann for ob- 
taining a synchronizing signal of image writing start 
position to a scanned surface (BD beam) and an 
optical element (cylindrical lens) for focusing a 
beam in a linear pattern extending in the main scan 
direction. 

Besides, another object of the present inven- 
tion is to provide a scanning optical apparatus the 
whole of which is made compact and simplified by 
locating the detection element (BD sensor) for ob- 
taining the scan start signal near the light source 
moans (semiconductor laser) and setting the light 
source means, an electric circuit for controlling it, 
and the BD sensor on a common electric board or 
flexible board. 

The scanning optical apparatus of the present 
invention involves a scanning optical apparatus 
compfising a first optical element for converting a 
beam emitted from light source means into a near- 
by parallel beam, a deflecting element for deflect- 
irw) tho beam emitted from the light source means, 
a socond optical element for focusing the parallel 
beam to form a linear image extending in the main 
scan direction on a deflection facet of the- deflect- 
ing element, a third optical element for focusing the 
beam deflected by the deflecting element to form a 
spot image on a scanned surface, and a fourth 
optical element for focusing a part of the beam 
deflected by the deflecting element to form an 
image on a surface of a detection element for 
obtaining a synchronizing signal of image writing 
start (position onto the scanned surface, wherein the 
second optical element and the fourth optical ele- 
ment are integrally formed as a composite optical 
element. 

Particularly, the apparatus is featured in that 
the composite optical element is composed of a 
cylindrical lens and an anamorphic lens, that the 
light source means, the electric circuit for control- 
ling the light source means, and the detection 
element are placed on a same electric board, or 
that the light source means and the detection ele- 
ment are combined through a flexible board. 

Further, the scanning optical apparatus of the 
present invention is arranged in such an arrange- 
ment that during such optical scanning that the 
beam emitted from light source means is converted 
into a parallel beam through a collimator lens, that 
the parallel beam is converged by a cylindrical lens 
in a main scan section on a deflection facet of an 
optical deflector to be deflected and reflected by 
the deflection facet, and that thereafter the re- 
flected beam is guided through an imaging optical 
system onto a scanned surface to effect optical 
scanning, which is characterized in that a part of 
the beam deflected and reflected by the deflection 
facet of the optical deflector is guided by an an- 
amorphic lens provided separately from the imag- 



ing optical system to a detection element for ob- 
taining a scan start signal onto the scanned surface 
and in that the cylindrical lens and the anamorphic 
lens are integrally formed as a composite optical 
5 element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing to show major part 
70 of a conventional scanning optical apparatus; 

Fig. 2 is a schematic drawing to show major part 
of Embodiment 1 of the scanning optical ap- 
paratus of the present invention; 
Fig. 3 is a cross section of the major part in the 
76 main scan direction of Embodiment 1 of the 
present invention; 

Fig. 4 is an enlarged, explanatory drawing (a 
cross section of major part in the main scan 
direction) near the light source means and BD 
20 sensor in Embodiment 1 of the present inven- 
tion; 

Fig. 5 is a cross section of major part of Em- 
bodiment 2 of the scanning optical apparatus of 
the present invention; and 
25 Fig. 6 is an enlarged, explanatory drawing (a 
cross section of major part in the main scan 
direction) near the light source means and BD 
sensor in Embodiment 2 of the present inven- 
tion. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 2 is a schematic drawing to show major 

35 part of Embodiment 1 of the scanning optical ap- 
paratus of the present invention, and Fig. 3 is a 
cross section of the major part in a main scan 
section of Rg. 2. 

In the drawings, reference numeral 1 desig- 

40 nates a light source means, which is for example a 
semiconductor laser. As detailed later, the present 
embodiment is so arranged that the light source 
means 1, an electric circuit for controlling it (laser 
driver), and a BD sensor 9 as a detection element 

45 for obtaining the scan start signal onto a scanned 
surface (or for obtaining a synchronizing signal of 
Image writing start position) are placed on a same 
electric board or on a same flexible board. 

Numeral 2 denotes a collimator lens as the first 

50 optical element, which converts a beam (light 
beam) emitted from the light source means 1 into a 
nearly parallel beam. Numeral 3 denotes an ap- 
erture stop to shape the size of passing beam. 

Numeral 4 represents a composite optical ele- 

55 ment, in which a cylindrical lens (cylindrical lens 
portion) 41 as the second optical element and a BD 
lens (BD lens portion) 42 consisting of an anamor- 
phic lens as the fourth optical lement are integ- 
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rally formed. The cylindrical lens 41 has a pre- 
determined refractive power only in the sub scan 
direction normal to the plane of Fig. 3, which thus 
converges the beam passing through the stop 3 in 
the sub scan section to form a nearly linear image 
on a deflection facet of an optical deflector 5 de- 
scribed below. The BD lens 42 has different refrac- 
tive powers between in the main scan direction and 
in the sub scan direction, which focuses the beam 
(BD beam) for obtaining the synchronizing signal of 
image writing start position to form an Image on 
the BD sensor 9 as the detection element de- 
scribed below. 

Numeral 5 designates the optical deflector con- 
sisting, for example, of a rotary polygon mirror as 
the deflection element, which is rotated by a drive 
means (not shown) such as a motor at a constant 
speed in the direction of arrow A in the drawing. 

Numeral 6 is an imaging lens (fd lens) having 
the le characteristics as the third optical element, 
which has different refractive powers between in 
the main scan direction in which the beam Is 
scanned by the deflector and in the sub scan 
direction normal to the main scan direction, which 
focuses the beam based on image Information after 
deflected and reflected by the rotary polygon mir- 
ror 5 to form an image on the surface of photosen- 
sitive drum 8 as a recording medium being a 
scanned surface, and which corrects surface skew 
of the deflection facet of the rotary polygon mirror 
5. The is lens 6 and the composite optical element 
4 are provided separately from each other. 

Numeral 9 denotes the BD sensor (photosen- 
sor) as the detection element, which is provided on 
a same electric board (not shown) as the light 
source means 1 is, which detects the beam (BD 
beam) for detection signal (synchronizing signal) of 
image writing start position as reflected by each 
deflection facet of the optical deflector 5 in order to 
detect the timing of scan start position on the 
surface of photosensitive drum 8 before starting the 
optical scanning on the surface of photosensitive 
drum 8, and which controls the timing of scan start 
position of image recording onto the surface of 
photosensitive drum 8, based on the detection. In 
other words, the detection element 9 detects the 
synchronizing signal for determining the timing of 
modulation start of the light source means 1 . 

Numeral 92 is an auxiliary BD lens, which Is 
provided near the BD sensor 9 and which corrects 
deviation of the BD beam in the sub scan direction 
due to mounting errors of the composite optical 
element 4, the BD sensor 9, etc.. Here, the auxil- 
iary BD lens 92 can be obviated by enhancing the 
mounting accuracy of components such as the 
composite optical element 4 and the BD sensor 9. 
Numeral 91 is a slit member having an aperture in 
the main scan direction. 
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In the present embodiment the beam emitted 
from the semiconductor laser 1 is converted into a 
nearly parallel beam by the collimator lens 2. the 
aperture stop 3 limits the beam (quantity of light). 

5 and the thus shaped beam is incident into the 
cylindrical lens 41 In the composite optical element 
4. Among the parallel beam incident into the cylin- 
drical lens 41, the beam in the main scan section 
parallel to the plane of Fig. 3 is emergent in a state 

70 of parallel beam as It is. In contrast, the beam in 
the sub scan section normal to the main scan 
section is converged to form a nearly linear Image 
(a linear image extending In the main scan direc- 
tion) on the deflection facet 5a of the optical deflec- 

75 tor 5. Then the beam deflected and reflected by 
the deflection facet 5a of the optical deflector 5 is 
guided through the io lens 6 onto the surface of 
photosensitive drum 8, and the surface of pho- 
tosensitive drum 8 is optically scanned in the direc- 

20 tion of arrow B by rotating the optical deflector 5 in 
the direction of arrow A. thereby performing image 
recording. 

In the present embodiment, prior to start of 
optical scanning on the surface of photosensitive 

25 drum 8. a part of the beam deflected and reflected 
by each deflection facet of the optical deflector 5 is 
guided to the BD sensor 9 by the BD lens 42 in the 
composite optical element 4 and the auxiliary BD 
lens 92 in order to adjust the scan start position on 

30 the surface of photosensitive drum 8. Then utilizing 
an output signal (detection signal of image writing 
start position (BD signal)) from the BD sensor 9, 
the scan start position of Image recording onto the 
surface of photosensitive drum 8 is adjusted. 

35 Rg. 4 is an enlarged, explanatory drawing (a 

cross section in the main scan direction) near the 
light source means 1 and BD sensor 9 in the 
present embodiment. In Fig. 4, the same elements 
as those shown in Fig. 2 are denoted by the same 

40 reference numerals. 

In Fig. 4, as described above, a part of the 
beam (BD beam) deflected and reflected by the 
rotary polygon mirror (not shown) is let to pass as 
a synchronizing signal for detection of image writ- 

45 ing start position through the BD lens 42 in the 
composite optical element 4 and the auxiliary BD 
lens 92, and then is let to pass through the BD slit 
91 as a slit member to form an Image on the 
surface of BD sensor 9. Then utilizing the output 

50 signal (BD signal) from the BD sensor 9, the scan 
start position of image recording onto the surface 
of photosensitive drum is adjusted. 

Here, the BD sensor 9 is placed together with 
the semiconductor laser 1 as the light source 

55 means and the electric circuit (laser driver) not 
shown for controlling it on a same electric board 
11, as shown in Fig. 4. Further, the auxiliary BD 
lens 92 and BD slit 91 are also incorporated with 

4 
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the electric board 11 so as to correct deviation of 
the BD beam in the sub scan direction due to the 
mounting errors of the composite optical element 
4, the BD sensor 9, etc.. It is noted here that this 
auxiliary BD lens 92 can be obviated by increasing 
the mounting accuracy of components such as the 
composite optical element 4 and the BD sensor 9, 
as described previously. 

As described above, 'the present embodiment 
is so arranged that the cylindrical lens 41 and the 
BD lens 42 are integrally formed and further that 
the semiconductor laser 1, the electric circuit for 
controlling it, and the BD sensor 9 are placed on 
the same electric board 11, whereby the optical 
system (synchronous detection system) and elec- 
tric system for obtaining the synchronizing signal of 
image writing start position can be constructed in a 
compact configuration, thus achieving a low-cost 
scanning optical apparatus. 

Fig. 5 is a schematic drawing to show the 
major part of Embodiment 2 of the scanning optical 
apparatus of the present invention. In Fig. 5, the 
same elements as those shown in Fig. 2 are de- 
noted by the same reference numerals, and de- 
scription thereof is omitted herein. 

Fig. 6 is an enlarged, explanatory drawing (a 
cross section in the main scan direction) near the 
light source means 1 and BD sensor 9 in Embodi- 
ment 2 of the present invention. In Fig. 6, the same 
elements as those shown in Fig. 4 are denoted by 
the same reference numerals. 

Differences of the present embodiment from 
Embodiment 1 as described above are that the 
light source means 1 and the BD sensor 9 are 
combined by a flexible board 12 and that the light 
source means 1 and the BD sensor 9 each are 
fixed to an optical box 13, and the other structure 
and optical functions are substantially the same as 
in Embodiment 1, thereby achieving the same ef- 
fects. 

Namely, because the BD sensor 9 is fixed 
directly to the optical box 13 in the present em- 
bodiment, it can be mounted with high accuracy, 
thus presenting an advantage that the auxiliary BD 
lens 92 used for correcting the mounting errors in 
Embodiment 1 as described above is not neces- 
sary. 

As described, the present embodiment 
achieves a still lower-cost scanning optical appara- 
tus while achieving the high-accuracy optical per- 
formance by mounting the optical box to the ap- 
paratus. 

The light source means and the BD sensor are 
fixed to the optical box in the present embodim nt, 
but the elemental components oth r than the pho- 
tosensitive drum may also be fixed to the optical 
box similarly. This can achieve a further higher- 
accuracy scanning optical apparatus. 
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According to the present invention, by the ar- 
rangement of integrally forming the optical element 
(the BD lens consisting of the anamorphic lens) for 
focusing the beam for obtaining the synchronizing 

5 signal of image writing start position onto the 
scanned surface and the optical element (cylin- 
drical lens) for focusing the beam in a linear image 
extending in the scan direction as described above, 
the entire apparatus can be designed in a compact 

10 configuration and the scanning optical apparatus 
that can perform high-accuracy optical scanning 
can be achieved. 

Further, by the arrangement in the present 
invention that the light source means, the electric 

75 circuit for controlling it, and the detection element 
(BD sensor) are placed on a same electric board or 
on a flexible board, the scanning optical apparatus 
the whole of which is made compact and simplified 
can be achieved. 

20 A scanning optical apparatus includes, a light 

source portion a deflector for deflecting a beam 
from the light source portion a first optical element 
for converting the beam from the light source por- 
tion into a nearly parallel beam a second optical 

25 element for focusing the nearly parallel beam into a 
linear image on a deflection/reflection facet of the 
deflector a third optical element for converging a 
beam deflected by the deflector on a predeter- 
mined surface a detecting element for detecting 

30 the beam deflected by the deflector and a fourth 
optical element for guiding the beam deflected by 
the deflector to the detecting element, wherein the 
fourth optical element and the second optical ele- 
ment are integrally formed. 

35 

Claims 

1. A scanning optical apparatus comprising: 
a light source portion; 
40 a deflector for deflecting a beam from said 

light source portion; 

first optical means for converting the beam 
from said light source portion into a nearly 
parallel beam; 

45 second optical means for focusing said 

nearly parallel beam into a linear image on a 
deflection/reflection facet of said deflector; 

third optical means for converging a beam 
deflected by said deflector on a predetermined 
50 surface; 

detecting means for detecting the beam 
deflected by said deflector; and 

fourth optical means for guiding the beam 
deflected by said deflector to said detecting 
55 means, wherein said fourth optical means and 

said second optical means are integrally 
formed. 
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2. A scanning optical apparatus according to 
Claim 1 , wherein said detecting means detects 
a synchronizing signal for determining a timing 
of modulation start of said light source portion. 

3. A scanning optical apparatus according to 
Claim 1, wherein said first optical means is a 
collimator lens. 



11. A laser beam printer according to Claim 10, 
wherein said detecting means detects a syn- 
chronizing signal for determining a timing of 
modulation start of said light source portion. 

1Z A laser beam printer according to Claim 10, 
wherein said first optical means is a collimator 
lens. 



A scanning optical apparatus according to 
Claim 1, wherein said second optical means is 
a cylindrical lens. 



10 13. A laser beam printer according to Claim 10, 
wherein said second optical means is a cylin- 
drical lens. 



5. A scanning optical apparatus according to 
Claim 1. wherein said third optical means is an 
\Q lens. 

6. A scanning optical apparatus according to 
Claim 1. wherein said fourth optical means is 
an anamorphic lens. 

7. A scanning optical apparatus according to 
Claim 1. wherein said third optical means and 
said fourth optical means are provided sepa- 
rately from each other. 

8. A scanning optical apparatus according to 
Claim 1. further comprising an electric circuit 
for controlling said light source portion, 
wherein said electric circuit and said detecting 
means are placed on a same electric board. 

9. A scanning optical apparatus according to 
Claim 1, wherein said light source portion and 
said detecting means are combined by a flexi- 
ble board. 



14. A laser beam printer according to Claim 10, 
75 wherein said third optical means Is an io lens. 

15. A laser beam printer according to Claim 10, 
wherein said fourth optical means is an an- 
amorphic lens. 

20 

16. A laser beam printer according to Claim 10, 
wherein said third optical means and said 
fourth optical means are provided separately 
from each other. 

25 

17. A laser beam printer according to Claim 10. 
further comprising an electric circuit for con- 
trolling said light source portion, wherein said 
electric circuit and said detecting means are 

30 placed on a same electric board. 

18. A laser beam printer according to Claim 10, 
wherein said light source portion and said de- 
tecting means are combined by a flexible 

35 board. 



10. A laser beam printer comprising: 
a light source portion; 

a deflector for deflecting a beam from said 40 
light source portion; 

first optical means for converting the beam 
from said light source portion into a nearly 
parallel beam; 

second optical means for focusing said 45 
nearly parallel beam into a linear image on a 
deflection/reflection facet of said deflector; 

a recording medium; 

third optical means for converging a beam 
deflected by said deflector on said recording 50 
medium: 

detecting means for detecting the beam 
deflected by said deflector; and 

fourth optical means for guiding the beam 
deflected by said deflector to said detecting 55 
means, wherein said fourth optical means and 
said second optical means are integrally 
formed. 
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(54) Scanning optical apparatus 

(57) A scanning optical apparatus includes, a light 
source portion a deflector for deflecting a beam from the 
light source portion a first optical element for converting 
the beam from the light source portion into a nearly par- 
allel beam a second optical element for focusing the 
nearly parallel beam into a linear image on a deflec- 
tion/reflection facet of the deflector a third optical ele- 
ment for converging a beam deflected by the deflector 



on a predetermined surface a detecting element for 
detecting the beam deflected by the deflector and a 
fourth optical element for guiding the beam deflected by 
the deflector to the detecting element, wherein the 
fourth optical element and the second optical element 
are integrally formed. 
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